Optical follow-up of the tidal disruption event iPTF16fnl: new insights
  from X-shooter observations by Onori, F. et al.
MNRAS 000, 1–15 (2019) Preprint 21 August 2019 Compiled using MNRAS LATEX style file v3.0
Optical follow-up of the tidal disruption event iPTF16fnl:
new insights from X-shooter observations.
F. Onori1,3,? G. Cannizzaro1,2, P. G. Jonker1,2, M. Fraser4, Z. Kostrzewa-Rutkowska1,2,
A. Martin-Carrillo4, S.Benetti6, N. Elias-Rosa7,8 M. Gromadzki9, J. Harmanen10,
S. Mattila10, M. D. Strizinger11, G. Terreran12, T. Wevers5,2.
1SRON, Netherlands Institute for Space Research, Sorbonnelaan, 2, NL-3584CA Utrecht, the Netherlands
2Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, 6500 GL Nijmegen, the Netherlands
3Istituto di Astrofisica e Planetologia Spaziali (INAF), via del Fosso del Cavaliere 100, Roma, I-00133, Italy
4School of Physics, O’Brien Centre for Science North, University College Dublin, Belfield, Dublin 4, Ireland
5Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
6INAF - Osservatorio Astronomico di Padova, Vicolo dellaˆA˘Z´Osservatorio 5, 35122 Padova, Italy.
7 Institute of Space Sciences (ICE, CSIC), Campus UAB, Carrer de Can Magrans s/n, 08193 Barcelona, Spain
8 Institut daˆA˘Z´Estudis Espacials de Catalunya (IEEC), c/Gran Capita´ 2-4, Edif. Nexus 201, 08034 Barcelona, Spain
9Warsaw University Astronomical Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
10Tuorla Observatory, Department of Physics and Astronomy, FI-20014 University of Turku, Finland
11Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK-8000 Aarhus C, Denmark
12Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA) and Department of Physics and Astronomy,
Northwestern University, Evanston, IL 60208
Accepted 2019 July 23. Received 2019 July 23; in original form 2019 April 2
ABSTRACT
We present the results from Nordic Optical Telescope and X-shooter follow-up cam-
paigns of the tidal disruption event (TDE) iPTF16fnl, covering the first ∼100 days
after the transient discovery. We followed the source photometrically until the TDE
emission was no longer detected above the host galaxy light. The bolometric lumi-
nosity evolution of the TDE is consistent with an exponential decay with e-folding
constant t0=17.6±0.2 days. The early time spectra of the transient are dominated by
broad He ii λ4686, Hβ, Hα and N iii λ4100 emission lines. The latter is known to be
produced together with the N iii λ4640 in the Bowen fluorescence mechanism. Thanks
to the medium resolution X-shooter spectra we have been able to separate the Bowen
blend contribution from the broad He ii emission line. The detection of the Bowen flu-
orescence lines in iPTF16fnl place this transient among the N-rich TDE subset. In the
late-time X-shooter spectra, narrow emission lines of [O iii] and [N ii] originating from
the host galaxy are detected, suggesting that the host galaxy harbours a weak AGN
in its core. The properties of all broad emission lines evolve with time. The equiv-
alent widths follow an exponential decay compatible with the bolometric luminosity
evolution. The full-width a half maximum of the broad lines decline with time and
the line profiles develop a narrow core at later epochs. Overall, the optical emission of
iPTF16fnl can be explained by being produced in an optically thick region in which
high densities favour the Bowen fluorescence mechanism and where multiple electron
scatterings are responsible for the line broadening.
Key words: line: profiles – galaxies: nuclei – galaxies: active – accretion, accretion
discs – black hole physics – galaxies: individual: iPTF16fnl
? E-mail: francesca.onori@inaf.it
1 INTRODUCTION
A tidal disruption event (TDE) takes place when a star
passes close enough to a super massive black hole (SMBH)
to be disrupted by the black hole’s tidal forces (Hills 1975;
Rees 1988; Phinney 1989; Evans & Kochanek 1989). After
© 2019 The Authors
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the disruption, approximately half of the stellar debris re-
mains bound to the BH in highly elliptical orbits, while the
other half is expelled in unbound orbits (Strubbe & Quataert
2009; Lodato & Rossi 2011). As debris from the disrupted
star streams back to the BH, a luminous, short-lived, flare is
produced. The transient emission usually peaks in the UV
or soft X -rays and the evolution of the bolometric luminos-
ity with time is expected to follow the bound debris fallback
rate, with a powerlaw decline ∝ t−5/3 on the timescale of
months to years (e.g., Evans & Kochanek 1989; Cannizzo
et al. 1990; Rees 1990; Lodato et al. 2009).
In the last decades, a significant number of TDEs has
been discovered mostly in X-ray and Ultraviolet (UV) bands
(see the reviews of Gezari et al. 2012 and Komossa 2015). Lu-
minous, high-amplitude X-ray flares from quiescent galaxies,
consistent with the predictions of the tidal disruption sce-
nario, have first been discovered during the ROSAT X-ray
all-sky survey (Bade et al. 1996; Komossa & Bade 1999; Ko-
mossa & Greiner 1999; Greiner et al. 2000). More recently,
similar X-ray events have been detected with Chandra and
XMM-Newton based on dedicated searches or serendipitous
discoveries (Esquej et al. 2007, 2008; Saxton et al. 2012;
Auchettl et al. 2017). Interestingly, Mattila et al. (2018)
reported the infrared discovery of a TDE in the merging
galaxy pair Arp299, in which the optical emission is strongly
obscured by dust. In this case, a expanding relativistic jet
produced by the accretion of stellar debris on the SMBH has
been clearly detected and resolved by radio VLBI observa-
tions.
Thanks to the development of wide-field optical tran-
sient surveys (such as the All-Sky Automated Survey
for Supernovae (ASAS-SN, Shappee et al. 2014), the
Palomar Transient Factory (PTF, Law et al. 2009), the
Panoramic Survey Telescope and Rapid Response System
(PanSTARRS, Kaiser et al. 2002) and the Sloan Digital Sky
Survey (SDSS,stripe 82 York et al. 2000), OGLE-IV Tran-
sient Search (Wyrzykowski et al. 2014), Gaia Science Alerts
(Hodgkin et al. 2013, but see Kostrzewa-Rutkowska et al.
2018 for an independent and systematic search for nuclear
transients with Gaia), an increasing number of TDE has
been discovered as luminous blue flares in the nuclei of oth-
erwise quiescent galaxies. Such optically selected TDEs are
preferentially found in post-starburst galaxies with no (or
weak) current star formation (E+A galaxies, Arcavi et al.
2014; French et al. 2016).
Detailed photometric and spectroscopic follow up stud-
ies have been performed for several of these (van Velzen et al.
2011; Gezari et al. 2012; Holoien et al. 2014; Arcavi et al.
2014; Holoien et al. 2016a,b; Hung et al. 2017; Blagorodnova
et al. 2018). In general, such transients are characterized by
optical spectra with broad (∼104 km s−1) He ii λ4686, Hα
and Hβ emission lines superimposed on a strong blue contin-
uum. However, optical observations of an increasing sample
of TDEs have revealed a number of candidates with obser-
vational properties that differ from the classical picture. A
continuous sequence of spectral types, from He-dominated to
H-dominated through intermediate types with both He and
H broad emission lines, covering a variety of values for the
He-to-H line ratios has first been identified by (Arcavi et al.
2014). Afterwards, prominent metal lines in UV spectra and
broad O iii and N iii emission lines in the optical, attributed
to the Bowen fluorescence mechanism by Blagorodnova et al.
(2018), have been detected in some TDEs (Cenko et al. 2016;
Brown et al. 2018; Blagorodnova et al. 2018). Very recently,
Leloudas et al. (2019) have detected Bowen lines in the op-
tical spectra of the TDE AT2018dyb, showing that these
metal lines are quite common in TDEs and identifying a
subclass of N-rich tidal disruption events among the TDE
population. Interestingly, Fe ii and O iii emission lines have
been detected in the optical spectra of the TDEs AT2018fyk
and ASASSN−15oi by Wevers et al. (2019a), suggesting the
existence of the subclass of Fe-rich TDEs. Thus, TDEs ap-
pear to be an in-homogeneous class of transients as they
show different properties in X -rays and in the optical spec-
tra. Indeed, most of the optically selected TDEs show no (or
very weak) X -ray emission and the optical properties, such
as for instance the time scale of the evolution of the light
curve and the peak luminosity, vary considerably from one
TDE to another.
The emission mechanism behind the observed optical
light and spectroscopic features as well as the geometry of
the emitting region are still unclear. Different scenarios have
been proposed, including outflows (Strubbe & Quataert
2009; Miller et al. 2015; Metzger & Stone 2016), emission by
shocks from intersecting debris streams (Piran et al. 2015;
Shiokawa et al. 2015; Bonnerot et al. 2017), or an optically
thick reprocessing envelope at large radii (Guillochon et al.
2014; Roth et al. 2016; Roth & Kasen 2018). The diversity
of the TDEs observed so far, implies that we are still in the
taxonomy phase. Well sampled, multi-wavelength follow-up
campaigns with a dense coverage of the spectral evolution
over the whole flare phase are needed to constrain these
models.
The nuclear transient iPTF16fnl was discovered on 2016
August 26 (Modified Julian Date [MJD] 57 626) by the in-
termediate Palomar Transient Factory (iPTF) survey. The
host galaxy is Mrk 0950, an E+A galaxy at z=0.016328
and with a luminosity distance DL=66.6 Mpc (calculated
using H0=69.6 km s−1 Mpc−1, ΩM=0.29, ΩΛ=0.71, in the
reference frame of the 3K cosmic microwave background).
The transient was classified as a TDE through spectroscopic
and photometric observation by Gezari et al. (2016). In the
discovery paper, Blagorodnova et al. (2017) presented pho-
tometric and optical spectroscopic data and their analysis
cover the first ∼60 days after the discovery of the transient,
while the UV spectroscopic evolution over ∼100 days was
presented by Brown et al. (2018). The lightcurve peak was
observed on 2016 August 31 (MJD 57 632.1) at an absolute
magnitude of Mg=−17.2 mag, with a luminosity evolution
consistent with an exponential decay. The peak bolometric
luminosity, inferred from UV and optical photometry by
Blagorodnova et al. (2017), is Lp ∼ 1043erg s−1, an order
of magnitude fainter than typically observed in other TDEs
(van Velzen et al. 2011; Gezari et al. 2012; Arcavi et al. 2014;
Chornock et al. 2014; Holoien et al. 2014, 2016a; Hung et al.
2017). Only a marginal soft X -ray detection of the event
at LX=2.4+1.9−1.1×1039 erg s−1 was reported by Blagorodnova
et al. (2017).
The spectra of iPTF16fnl resemble those of other He
and H dominated TDEs although the time evolution is
faster, which could be explained by for instance a relatively
low mass of the black hole responsible for the disruption
(Blagorodnova et al. 2017). Indeed, this was measured to be
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MBH ∼3×105 M, using late-time optical spectra of the host
bulge–velocity dispersion and the MBH-σ? relation (Wevers
et al. 2017).
In this work we present results from our optical pho-
tometric and spectroscopic follow-up of iPTF16fnl, which
started soon after the transient discovery as part of the NOT
Unbiased Transient Survey (NUTS1). The monitoring cam-
paign covers ∼100 days of the TDE emission and include
medium resolution spectra, obtained with X-shooter under
the program 297.B-5062. Thanks to this unique dataset, we
have been able to obtain good quality photometric measure-
ments and to perform an accurate spectroscopic analysis,
in particular on the broad features observed in the high-
resolution X-shooter optical spectra. We adopt the date of
peak as determined in the optical light curve in the g′ band
by Blagorodnova et al. (2017), MJD 57 632.1, as the refer-
ence epoch in all of the following. We take the foreground
(Milky Way) extinction towards Mrk 950 to be AV=0.226
mag (Schlafly & Finkbeiner 2011, via the NASA/IPAC Ex-
tragalactic Database (NED)).
2 OBSERVATIONS AND DATA REDUCTION
We have monitored the optical emission of iPTF16fnl with
both photometric as well as spectroscopic observations,
starting from 2016 August 31 and running until 2017 Decem-
ber 16. We used the Andalucia Faint Object Spectrograph
and Camera (ALFOSC), mounted on the Nordic Optical
Telescope (NOT) on La Palma, Spain and the Asiago Faint
Object Spectrograph and Camera (AFOSC), mounted on
the Copernico 1.82m telescope in Asiago, Italy. In order to
have higher resolution and a wide spectral coverage, we have
obtained seven spectra over the period from 2016 September
13 to 2016 November 25, using the X-shooter spectrograph
(Vernet et al. 2011), mounted at the Cassegrain focus of the
UT2 at the Very Large Telescope (VLT). We monitored the
photometric evolution with the Watcher telescope (French
et al. 2004) using Johnson V and Sloan g′, r ′ and i′ filters.
Since the Watcher observations were always very close in
time to the NOT observations and the latter are of a higher
quality, we decided against using the former. iPTF16fnl was
also followed by the Neil Gehrels Swift observatory over a
period spanning 300 days, starting from the transient dis-
covery. All the spectroscopic observations have been done
with the slit oriented at the parallactic angle (Filippenko
1982). In the sections below we describe the spectroscopic
and photometric observational set-up and the data reduc-
tion for each dataset. Throughout this manuscript we report
times with respect to 2016 August 31 (MJD 57 632.1), unless
otherwise mentioned.
2.1 NOT/ALFOSC and Copernico/AFOSC
observations
We obtained iPTF16fnl spectra and images using the AL-
FOSC instrument over a period of 107 days after the tran-
sient discovery. Host–galaxy template images have been ob-
1 http://csp2.lco.cl/not/
tained on 2017 January 18. A host galaxy spectrum has been
taken on 2017 June 16. For our spectroscopic observations
we used the grism #4, which covers the 3200-9600 A˚ wave-
length range and provides a resolution of R=λ/∆λ=360, for
a 1.0′′slit under seeing conditions of 1′′ or larger.
In the framework of the NUTS monitoring campaign,
we have obtained two spectra using Copernico/AFOSC in-
strument on 2016 Sept 09 and 2016 Dec 06, respectively. For
the first observation we used grism VPH6, which covers the
4500-10000 wavelength range and provide a seeing limited
resolution of R=500, for a 1.0′′slit. The second spectrum has
been taken using grism VPH7, which covers the 3200-7000
wavelength range and provide a seeing limited resolution of
R=470.
The details of the NOT/ALFOSC and Coper-
nico/AFOSC spectroscopic observations, such as the obser-
vations date, exposure time, the slit width, the airmass, and
seeing are shown in Table 1.
The spectra have been reduced using modfied version of
the foscgui 1.4 pipeline2, which is based on standard iraf
reduction tasks (Tody 1986) and includes bias and flat field
correction, cosmic ray cleaning, wavelength calibration using
arcs, extraction of the spectra from science frames and flux
calibration using a standard star. We measured a FWHM ∼
14 A˚ for the sky line [O i] λ5577 A˚ in all ALFOSC spectra.
Given that in nearly all observations the seeing was of the
same order or larger than the slit width, this imply a resolu-
tion R≈400. In Figure B1 we show the sequence of ALFOSC
and AFOSC spectra.
Over the same time-period, we also took images of the
transient with ALFOSC, using u′, B, V , g′, r ′, i′, z′ filters.
The image reduction has been performed using the fos-
cgui 1.4 pipeline in imaging mode, which is also based on
standard iraf reduction tasks, and include cosmic rays re-
moval, bias and flat fields correction. It also provides the
World Coordinate System calibration using SDSS stars. The
pipeline gives measurements of the seeing (full-width at half-
maximum [FWHM]) and the photometric zero point using
SDSS stars in the field of view and the AAVSO Photometric
All-Sky Survey (APASS) stars for the Johnson filters.
For each observation, differential photometry against
the host galaxy image has been performed. We have used
hotpants V5.1.10 to subtract the host galaxy contribution
from the transient images. The software uses the Alard &
Lupton (1998) algorithm to determine and apply a spatially
varying convolution kernel that matches the PSFs of the
two images (the transient and the host images) prior to sub-
traction. In this process, all constant luminosity sources are
subtracted and only the (nuclear) transient remains in the
subtracted image. Finally, aperture photometry on the sub-
tracted image has been applied using the iraf task phot.
The magnitude uncertainties are calculated by adding in
quadrature the standard deviation due to the scatter of the
zero point sources and the photometric error on the aper-
ture photometry. No band-pass corrections were applied to
the photometric measurements as the uncertainties are dom-
2 foscgui is a graphical user interface aimed at extracting spec-
troscopy and photometry obtained with FOSC-like instruments.
It was developed by E. Cappellaro. A package description can be
found at http://sngroup.oapd.inaf.it/foscgui.html.
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Figure 1. Lightcurve for iPTF16fnl. Open circles indicate the
optical photometry data from Blagorodnova et al. (2017), filled
squares indicate the NOT/ALFOSC and UVOT/Swift data from
this work, arrows indicate the 3σ upper limits. The apparent
magnitudes are not corrected for foreground Galactic extinction.
Magnitudes in Sloan and UVOT/Swift filters are in AB system,
while magnitudes in Johnson filters are in Vega system. All mag-
nitudes are host-subtracted. Time zero on the X-axis corresponds
to light curve maximum as defined in Blagorodnova et al. (2017).
Vertical black dashes indicate the times of the spectroscopic ob-
servations.
inated by systematic errors due to the template subtrac-
tion process. In Table A1 we report the measured apparent
magnitudes for each NOT/ALFOSC filter, not corrected for
foreground extinction and in their common systems (AB
for Sloan filters and Vega for Johnson filters). In Figure
1 the multi-filter NOT/ALFOSC (filled squared in differ-
ent colors) along with optical photometric data reported in
Blagorodnova et al. (2017) (open circles) are shown.
2.2 Swift satellite UV data
The Ultraviolet and Optical Telescope (UVOT) UVW2,
UVM2 and UVW1 images have been reduced using the
standard pipeline with the updated calibrations from the
HEAsoft-6.24 ftools package, while we used the HEAsoft
routine uvotsource to derive the apparent magnitude of
the transient. The aperture photometry has been measured
using a 5′′ aperture centered on the position of the tran-
sient and a background region of 60′′ radius placed in an
area free of sources. In Table A2 we provide the measured
UVOT/Swift UVW2, UVM2 and UVW1 apparent magni-
tudes in the AB system (zero points from Poole et al. 2008)
and the corresponding flux densities. The magnitude values
reported in Table A2 are not corrected for foreground ex-
tinction. Swift/UVOT suffers from a well-known “red leak”
of optical photons to the UV bands. However, we do not ex-
pect this to significantly affect our results, based on Brown
et al. (2016), who found at most a 20% or 5% effect on pho-
tometry in the UVW2 and UVW1 bands respectively.
Even in the late-time images (MJD 57 932.05 ∼300
days from the transient discovery) there is still emission.
We ascribe this detection to host–galaxy light as there is
no TDE emission detection in our latest NOT/ALFOSC
optical images, which were taken at MJD 57 771. More-
over, spectroscopic signatures of the TDE are absent in the
NOT/ALFOSC spectrum taken at MJD 57 921.18. In or-
der to derive the TDE UVW2, UVM2 and UVW1 magni-
tudes, we subtracted the host contribution as determined
from the late time images (MJD 57 932.05) from the pho-
tometric measurements. In Figure 1 the host subtracted
UVOT/ Swift UVW2, UVM2 and UVW1 apparent mag-
nitudes (filled diamonds in different colors), together with
the ALFOSC data are shown.
2.3 VLT/X-shooter spectra
We have obtained a total of 7 spectra using the VLT/X-
shooter spectrograph. X-shooter spectra cover the spectral
range from 3000 to 25000 A˚. The observations span the pe-
riod from 2016 September 13 to 2016 November 25 and have
been carried out using slit widths of 0.′′8, 0.′′7 and 0.′′6 for
the UVB, VIS and NIR arms, respectively. The length of
the slit is always 11′′. This set-up yields a seeing limited
resolution of R = 6190, 10640, and 8040 for the UVB, VIS,
and NIR arm, respectively. All X-shooter spectra have been
taken with the slit oriented along the parallactic angle. The
details of the observations, including the instrumental con-
figuration, the exposure times, and the observing conditions
are reported in Table 1. The data reduction has been per-
formed using the reflex X-shooter pipeline 2.8.0 (Freudling
et al. 2013), while the correction for atmospheric absorption
features has been done using the software molecfit, which
fits synthetic transmission spectra to the astronomical data
(Smette et al. 2015; Kausch et al. 2015). We measured a
FWHM∼0.5 A˚ for the unsaturated sky line [O i] λ5577 in all
the VLT/X-shooter VIS spectra and a FWHM∼2 A˚ for sky
lines around λ16000 A˚ in all the NIR spectra, in order to de-
rive the instrumental resolution in these wavelength regions.
In Figure B1 the VLT/X-shooter UVB and VIS spectra se-
quence is shown, while the VLT/X-shooter NIR spectra are
shown in Figure B2. No significant spectroscopic features
have been found in the NIR part of the spectrum.
3 PHOTOMETRIC EVOLUTION
From the UVOT/Swift and NOT/ALFOSC host subtracted
apparent magnitudes (UVW2, UVM2, UVW1, u′, B, V , g′,
r ′, i′, z′) we compute the pseudo bolometric luminosity
for iPTF16fnl using the python routine superbol (Nicholl
2018). In order to cover the optical pre-peak phase, we also
include the g′ and r ′ measurements from Blagorodnova et al.
(2017). All the input magnitudes have been corrected for the
Galactic extinction from Schlafly & Finkbeiner (2011) which
assume a reddening law with Rv = 3.1 and K-correction has
been applied.
In Figure 2 the iPTF16fnl bolometric light curve, ob-
tained by integrating flux over observed filters is shown.
For comparison, we show the pseudo bolometric luminosity
evolution for some TDEs, obtained using UV and optical
bands: ASASSN-14li (Holoien et al. (2016a), cyan dashed
line), ASASSN-14ae (Holoien et al. (2014); green dashed
MNRAS 000, 1–15 (2019)
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Table 1. Spectroscopic observations
NOT/ALFOSC observations: Grism #4; R = 400.
MJD UT Date phase exposure time slit airmass seeing
[days] [s] [′′] [′′] [′′]
(1) (2) (3) (4) (5) (6) (7)
57 631.97 2016 Aug 31 0 1800 1.0 1.35 1.19
57 634.10 2016 Sept 03 2 900 1.0 1.00 1.05
57 640.05a 2016 Sept 09 8 2700 1.7 1.03 1.2
57 644.14 2016 Sept 13 12 1800 1.0 1.01 0.95
57 652.04 2016 Sept 21 20 1800 1.0 1.05 1.01
57 664.14 2016 Oct 03 32 1800 1.0 1.16 0.95
57 672.12 2016 Oct 11 40 1800 1.0 1.28 0.76
57 692.05 2016 Oct 31 60 2400 1.0 1.21 0.90
57 720.91 2016 Nov 28 89 1800 1.0 1.01 0.87
57 728.90b 2016 Dec 06 97 2400 1.7 1.22 1.50
57 736.90 2016 Dec 14 105 2400 1.0 1.07 0.80
57 738.90 2016 Dec 16 107 2400 1.3 1.07 3.62
57 921.18 2017 June 17 289 2400 1.0 1.40 1.07
VLT/X-shooter observations: R (UVB/VIS/NIR)=6190/11150/8000
57 644.25 2016 Sept 13 12 590/590/300 0.8/0.7/0.6 1.87 0.55
57 665.13 2016 Oct 04 33 590/590/300 0.8/0.7/0.6 1.98 0.75
57 682.17 2016 Oct 21 50 590/590/300 0.8/0.7/0.6 1.94 0.80
57 690.05 2016 Oct 29 58 590/590/300 0.8/0.7/0.6 2.09 0.38
57 692.12 2016 Oct 31 60 590/590/300 0.8/0.7/0.6 1.87 0.61
57 693.07 2016 Nov 01 61 590/590/300 0.8/0.7/0.6 1.91 0.64
57 717.04 2016 Nov 25 85 714/714/240 0.8/0.7/0.6 1.86 0.49
Notes: (1) Modified Julian dates of observations; (2) UT date, (3) Phase with respect to the estimated date
of light curve peak MJD 57 632.1 according to Blagorodnova et al. (2017) (4) Exposure time, (5) Slit width
(6) Airmass, (7) Seeing. The reported instrumental resolution (R=λ/∆λ) has been derived from the measured
FWHM of skylines in the spectra. The X-shooter exposure times and slit widths are reported for UVB, VIS
and NIR arms, respectively.
(a) Copernico/AFOSC observation, Grism VPH6, R = 500.
(b) Copernico/AFOSC observation, Grism VPH7, R = 470.
line), AT2016ezh (Blanchard et al. (2017); magenta dashed
line) and ASASSN-15lh (Leloudas et al. (2016), but see
Dong et al. (2016) and Godoy-Rivera et al. (2017) for the
SLSN-I interpretation on this transient; yellow dashed lines).
The luminosity evolution of iPTF16fnl is remarkably fast
with a faint bolometric luminosity, which at peak is Lp ∼
(4±1)×1042 erg s−1. The luminosity decline is well fitted by
the exponential model Lbol ∝e−t/t0 , with an e-folding con-
stant t0=17.6±0.2, while the usual powerlaw function cannot
represent the data (see Figure 2 for a comparison between
the two models). The total energy radiated (Erad) is derived
by integrating the bolometric luminosity over time and it
results Erad= (8.07±0.78)×1048 erg.
Recently, van Velzen et al. (2018) reported the detec-
tion of long-lived UV emission ascribed to the TDE accre-
tion disk. In order to estimate the contamination to the
iPTF16fnl light curve if the late-time UV measurements are
due to the TDE accretion disk and not to the host galaxy, we
derived the bolometric luminosity evolution also using the
UV filters fluxes without applying the host subtraction pro-
cedure. In Figure 2 the comparison between the bolometric
luminosity derived with the two methods is shown. At early
times the the two bolometric luminosities are consistent with
being the same. Instead, the difference between the bolomet-
ric luminosities as determined using the two methods be-
comes larger at late times. In the last epoch the value for the
Lbol obtained using the UV fluxes without the host subtrac-
tion is a factor of three higher than the value obtained in the
case of host subtracted UV fluxes. It also results in a higher
total energy radiated, which is Erad= (9.56±0.68)×1048 erg.
In Figure 3 the evolution of the black body (BB) radius,
RBB and BB temperature, TBB, obtained from two differ-
ent fitting methods are shown. In particular, the black–filled
squares show the evolution of RBB and TBB obtained by fit-
ting all wavelengths with a single black body. The red–filled
squares show the results from the black body fit to only the
optical data. As an example, we show in Figure 4 the fit of
the BB models to the luminosity density for two epochs of
observations.
While the evolution of RBB does not change signifi-
cantly between the two methods, showing a similar decline
with time, when we take into account also the UV lumi-
nosity, the black body temperature TBB increases from ∼40
days after the peak and it reaches the maximum value of
(22.1±4.7)×103 K. However, we note that the optical fit gives
more reliable results for the temperature, as it exclude the
line-blanketed region in UV band (see Nicholl et al. 2017;
Yan et al. 2018). In particular, the BB temperature obtained
by using the optical BB fit is consistent with being at a
constant value of TBB ∼1.5×104 K at all phases. Instead,
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the evolution of RBB is characterized by an initial expansion
during the epochs prior to the TDE peak, when it reaches
its maximum value of RBB=(3.6±0.3)×1014 cm, followed by
a declining trend. After ∼60 days it reaches a minimum
value of RBB=(0.8±0.4)×1014 cm. We note that this value
is ∼three orders of magnitude larger than what is expected
for a Schwartzchild radius derived for a black hole mass of
MBH ∼ 3×105M, as measured by Wevers et al. (2017), and
∼one order of magnitude larger than the expected tidal ra-
dius for the disruption of a solar-like star. This suggests that
the optical emission of iPTF16fnl could be produced in a re-
gion at a distance larger than the tidal radius. Interestingly,
the origin of the optical emission for a sample of optically
selected TDEs has been investigated by Wevers et al. (2017).
In their work, the authors found similar results for the black
body radii of the TDEs in their sample and conclude that
stream self-intersection or accretion–powered re–processing
models can explain the observed UV /optical TDE emission.
In Figure 5 we show the iPTF16fnl UV and optical color
evolution for the following filters: UVM2 -UVW1, UVM2 -B,
UVW2 -UVM2, UVW2 -UVW1, B-V and g′-r′.
All the data used are host-subtracted and extinction
correction, as well as K-correction have been applied. For
comparison we also show the colors evolution for the TDEs
ASASSN-14li (Holoien et al. 2016a), ASASSN-14ae (Holoien
et al. 2014) and AT2016ezh (Blanchard et al. 2017). While
g′-r′ does not show any significant change over the time
and shows a behaviour similar to what observed in the the
other TDEs reported here, some evolution is visible in all the
other colors. In particular, while B-V, UVM2 -UVW1 and
UVM2 -B show a decrease with time and become redder,
both UVW2 -UVW1 and UVM2 -UVW1 colors increase with
time, becoming bluer. While the B-V evolution is similar to
the behavior observed for ASASSN-14li (yellow dotted line),
the other colors trends are quite different with respect to the
color evolution observed in the other TDEs reported here for
comparison.
4 SPECTRAL ANALYSIS
The iPTF16fnl optical spectra show typical features ob-
served in the H+He rich TDEs. In particular, the early spec-
tra (in Figure B1) are dominated by a strong blue continuum
with broad He ii λ4686 and Hα emission lines clearly visible.
The strong host galaxy contribution is also visible through
the sequence of Balmer absorption lines around 4000 A˚,
which are typical spectral features of E+A galaxies. In order
to accurately identify and analyze the TDE emission lines,
it is necessary to subtract the host galaxy contribution from
all the spectra. For this purpose, we have taken a late–time
spectrum with NOT/ALFOSC on 2017 June 17, 289 days
after the discovery, when the TDE emission does not con-
tribute to the optical host light significantly. Indeed, already
after 60 days from the light-curve peak, the TDE emission
was no longer detected in the optical images (at this phase
only upper limits are available, see Table A1). Moreover, no
spectroscopic features of the transient emission are present
in the last NOT/ALFOSC spectra shown in Figure B1.
As spectral signatures of the TDE are still present in
our latest X-shooter spectrum, we have used high-resolution
stellar templates to obtain a synthetic spectrum of the host
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Figure 2. iPTF16fnl bolometric light curve obtained from inte-
gration of observed fluxes (black filled squares). The blue filled cir-
cles, connected by a solid blue line show the bolometric light curve
obtained using no host subtracted UV fluxes. For comparison we
report the bolometric light curves for some TDEs: ASASSN-14li
(Holoien et al. (2016a), cyan dashed line), ASASSN-14ae (Holoien
et al. (2014); green dashed line), AT2016ezh (Blanchard et al.
(2017); magenta dashed line) and ASASSN-15lh (Leloudas et al.
(2016), but see also Dong et al. (2016) and Godoy-Rivera et al.
(2017) for the SLSN-I interpretations for this transient; yellow
dashed lines). Black dashed and dotted line indicate the expo-
nential and the t−5/3 decline for iPTF16fnl, respectively. Our best
fit is obtained with L∝ et/t0 with t0=17.6±0.2.
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Figure 3. Evolution of temperature (TBB) and radius (RBB) ob-
tained from black body fits to the observed spectral energy dis-
tributions (SED). Black filled squares: values obtained fitting a
single black body to the SED using the fluxes at all wavelengths.
Red filled squares: values obtained by fitting a black body to the
optical SED data only.
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Figure 4. Fit of the black body models to the iPTF16fnl lu-
minosity density for the two epochs of observations (phase=-5.7
days and phase=0, blue and purple, respectively). The colored
points correspond to the luminosity values for each filter, while
the lines are the BB models. In particular, the black solid line is
the BB model applied to all wavelengths, while the colored dotted
and dashed lines are the BB model applied only to UV filters and
the BB model applied only to optical data, respectively.
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Figure 5. UV and optical color evolution for iPTF16fnl (filled
squares for optical colors and filled circles for UV colors) com-
pared with three TDEs: ASASSN-14li (Holoien et al. (2016a),
dotted lines), ASASSN-14ae (Holoien et al. (2014), dashed lines)
and AT2016ezh (Blanchard et al. (2017); dotted-dashed lines). K-
correction has been applied in all data used. The iPTF16fnl data
are corrected for Galactic extinction and host-subtracted.
galaxy in the X-shooter UVB and VIS arms. Before the host
subtraction, the reduced spectra have been corrected for the
foreground extinction using the Cardelli function (Cardelli
et al. 1989) with AV=0.226 mag and R(V)=3.1.
4.1 Host–galaxy subtraction
In order to take the different observing conditions of each
spectrum into account, we have used the penalized pixel
fitting (ppxf) method (Cappellari & Emsellem 2004; Cap-
pellari 2017) to convolve the host galaxy spectrum to the
host+TDE spectra.
The method approximates the observed galaxy spec-
trum by convolving a template spectrum T(x) (or a series of
n templates) by the line of sight velocity dispersion function
f (v) (LOSVD). The galaxy model is obtained following the
general approximation:
Gmod (x) =
∑N
n=1wn{[Tn (x) ∗ fn (cx)]
∑K
k=1akPk (x)}+∑L
l=1b1Pl (x) +
∑J
j=1cjSj (x) ,
(1)
where the wn are the spectral weights, the Pk and Pl are
are multiplicative and additive orthogonal polynomials (of
Legendre type or a truncated Fourier series), respectively,
and Sj are the spectra of the sky. Both polynomials and
sky are optional components in the ppxf fit. The LOSVD
function (f(cx)= f (v)) is parametrized by a series of Gauss-
Hermite polynomials:
f (v) = 1
σ
√
2pi
exp
(
1
2
(v − V)2
σ2
) [
1 +
∑M
m=3hmHm
(
v − V
σ
)]
,
(2)
where V is the mean velocity along the line of sight, σ is the
stellar velocity dispersion, Hm and hm are the Hermite poly-
nomials and their coefficients, respectively. The best fitting
template is then found by χ2 minimization.
In the case of NOT/ALFOSC and Copernico/AFOSC
dataset, we used as template the NOT/ALFOSC host galaxy
spectrum, taken on 2017 June 17 with the same observa-
tional set-up as all the previous observations (see Table 1).
The host galaxy spectrum is shown in orange in Figure B1.
There is no sign of TDE emission lines anymore, moreover,
the photometry measurements on the latest image we have,
taken on the 2017 January 18, indicate that the transient has
already faded beyond detection in the optical bands at this
time. Indeed, from the apparent optical magnitudes derived
from aperture photometry, listed in Table A1, only upper
limits are measured in the last epoch.
In the fitting procedure, in order to model both the host
galaxy and the TDE blue continuum contributions, we used
a 4th degree additive Legendre polynomial. We excluded
from the fit all the spectral regions where the broad TDE
emission components were present and the regions affected
by telluric absorption.
In Figure 6, the subtraction of the host galaxy and the
TDE continuum contributions for the NOT/ALFOSC spec-
trum taken on 2016 Aug 31 is shown. For comparison, the
best fit (host galaxy and TDE continuum, in red) is plot-
ted over the normalized host+TDE spectrum (in black).
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Figure 6. Host and TDE continuum subtraction on the
NOT/ALFOSC spectrum, taken on 2016 August 31. In the upper
panel, the best-fit host galaxy+TDE continuum (in red) is plot-
ted over the TDE+host spectrum (in black). The green dotted
lines and the areas in gray indicate the spectral regions excluded
during the fit. In the lower panel, the resulting host-subtracted
and continuum-subtracted spectrum (in blue) is shown.
The spectral region excluded from the fit (i.e. the He ii and
Hα) is indicated with dotted green vertical lines. The result-
ing host-subtracted and continuum-subtracted spectrum (in
blue) along with the identification of the broad emission lines
is also shown.
In the case of the VLT/X-shooter data-set, we first
have produced a synthetic host galaxy template by apply-
ing the ppxf method on the latest X-shooter spectra we have
(taken the 2016 November 25) using the phoenix v16 high-
resolution synthetic spectra (Husser et al. 2013)3.
We choose this particular synthetic spectral library for
the wide wavelength coverage (from 500 A˚ to 5.5 µm) and
the high resolution (R∼50000 in the range 3000−25000 A˚),
which are well suited for the X-shooter spectral properties.
The whole phoenix library contains ∼ 30000 synthetic spec-
tra and covers the properties of most stellar populations:
the effective temperature varies between 2300 K ≤Te f f ≤
12000 K, the metallicity range is −4.0≤[Fe/H]≤1.0 and the
alpha element abundances ranges between −0.2≤[α/Fe]≤1.2.
We selected a subsample of stellar spectra containing ∼5800
spectra with 2300 K ≤Te f f ≤ 12000 K, −4.0≤[Fe/H]≤1.0
and [α/Fe]=0.
In order to avoid the TDE contamination in the fit of
the syntetic host galaxy, the spectral wavelength range of
the TDE emission features has been excluded from the fit.
The resulting best-fitting host galaxy synthetic spectrum
has been used as single template when applying the ppxf
on the remaining X-shooter spectra.
The host galaxy fit has been applied on both the
VLT/X-shooter UVB and VIS spectra in the wavelength
region between 3300 A˚−9000 A˚ , to avoid the noisy regions
at the edges of the spectra. Similarly for the NOT/ALFOSC
3 http://phoenix.astro.physik.uni-goettingen.de/
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Figure 7. Host subtraction on the VLT/X-shooter spectrum,
taken on 2016 November 25. In the upper panel, the best-fit host
galaxy (in red) is plotted over the TDE+host UVB+VIS spec-
trum (in black). The green dotted lines and the areas in gray in-
dicate the spectral regions excluded during the fit and the noisy
regions due to the overlapping of the UVB and VIS arms, which
we also excluded from the fit. In the lower panel, the resulting
host-subtracted spectrum (in blue) is shown. We indicate the po-
sition of the main emission lines.
dataset, we have excluded all the region of the TDE broad
emission features from the fit (i.e. the He ii and Hα). In
Figure 7 the host galaxy subtraction for the VLT/X-shooter
spectrum taken on 2016 November 25 is shown. The best–fit
host galaxy spectrum is shown in red and it is plotted over
the UVB+VIS TDE+galaxy spectrum, in black. The result-
ing host-subtracted spectrum (in blue) and the identification
of the main emission lines is shown in the lower panel. The
vertical gray areas show the spectral regions excluded from
the fit.
5 THE TDE EMISSION LINES
The sequence of the NOT/ALFOSC + Copernico/AFOSC
and VLT/X-shooter host-subtracted spectra is shown in Fig-
ures 8 and 9, respectively. In the spectra taken shortly after
the light curve peak, very broad (FWHM∼104 km s−1) emis-
sion lines from the Hβ, He ii λ4686 and Hα transitions, are
clearly visible. Moreover, both in the early NOT/ALFOSC
+ Copernico/AFOSC and VLT/X-shooter spectra, we de-
tected a strong broad emission line at the position of Hδ.
Furthermore, narrow [O iii] and [N ii] emission lines are de-
tected only in the medium–resolution X-shooter spectra.
While the broad components became narrower and grad-
ually disappear with time, the [O iii] and [N ii] narrow emis-
sion lines are clearly visible also in the last VLT/X-shooter
spectrum, suggesting that they are unrelated to the TDE
emission, but instead they belong to the host galaxy spec-
trum.
Interestingly, in the X-shooter spectra, the He ii λ4686
emission line is double peaked and the separation between
the two peaks becomes more prominent at later times. In
previous work on iPTF16fnl, Brown et al. (2018) suggested
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the presence of a blue–shifted C iii/N iii blend in the blue
wing of the He ii. Thanks to our medium–resolution X-
shooter spectra we have been able to separate these two
components. In particular, while the first feature is well cen-
tered on the He ii rest frame wavelength, the second has
a blue–shifted best–fitting wavelength, compatible with the
N iii λ4640. Furthermore, similarly to what found in the case
of the TDE AT2018dyb by Leloudas et al. (2019), the pres-
ence of an apparent Hδ emission line in our optical spectra
is hard to explain as we do not detect the Hγ emission line
and both Hβ and Hα are much fainter as well. Instead, this
strong emission line can be associated with the N iii λ4100
transition (Leloudas et al. 2019), which is produced together
with the N iii λ4640 in the the Bowen fluorescence mecha-
nism (Bowen 1934, 1935).
The detection of Bowen emission lines have been already
suggested in the interpretation of optical spectra of some
TDEs. The presence of the N iii/C iii blend, usually detected
in Wolf-Rayet stars and always seen in X-ray Binaries (Mc-
Clintock et al. 1975) was discussed by Gezari et al. (2015) as
a possible explanation of the blue wing observed in the He ii
λ4686 in the optical spectra of the TDE PS1−10jh. More
recently, Blagorodnova et al. (2018) detected the O iii and
N iii emission lines in the UV and optical spectra of the TDE
iPTF15af and explained such transitions with the Bowen
fluorescence mechanism. Leloudas et al. (2019) clearly de-
tected Bowen fluorescence lines in the optical spectra of the
TDE AT2018dyb. In particular, Leloudas et al. (2019), when
analyzing the optical spectra of past events available in lit-
erature, found that such lines are quite commons in TDEs.
Thus the authors identify a N-rich subset among the tidal
disruption events population. In a recent works, Trakhten-
brot et al. (2019) and Gromadzki et al. (2019) proposed a
new class of nuclear transients associated with re-ignition
of enhanced accretion on the SMBH for AT2017bgt and
OGLE17aaj. They also found that F01004-2237, previously
classified as TDE candidate by Tadhunter et al. 2017, be-
longs to this group. The optical spectra of these objects also
shows Bowen fluorescence lines.
Our medium–resolution observations of iPTF16fnl
strongly indicate the presence of such features also in the
optical spectra of this source and place this transient among
the N-rich TDE subset.
5.1 Fits to the emission lines
In order to investigate the properties and evolution of the
main spectral features, we fitted the emission lines present in
the host-subtracted spectra of iPTF16fnl shown in Figures 8
and 9. We modelled the more prominent emission lines with
Gaussian functions (but see also Roth & Kasen 2018) us-
ing the python packages curvefit and leastsq. In the case
of broad emission lines, multi-components Gaussian fit have
been applied, when needed. The emission features have been
analyzed selecting a ∼ 1500 A˚ wide fitting window which in-
clude both the broad features of interest and the local contin-
uum. In the fitting procedure, both the central wavelength
and FWHM of the lines have been left free to vary in the
selected wavelength range. In the case of late-time spectra,
where the width of broad emission lines became smaller and
the narrow emission lines emerge, a narrower fitting window
has been selected.
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Figure 8. Sequence of NOT/ALFOSC and Copernico/AFOSC
host-subtracted spectra. The Copernico/AFOSC set of data is
made by two spectra taken at phases +8 and +97, respectively.
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Figure 9. Sequence of VLT/X-shooter host-subtracted spectra.
In the left panel the He ii region in the UVB spectra is shown,
while the Hα area in the VIS spectra is shown in the right panel.
The identification of the main emission lines is indicated (vertical
dashed red lines). The N iii λ4640 Bowen blend is evident in the
He ii broad feature, which show a double–peaked profile at all
epochs. Besides the broad He ii λ4686 and Hα features, narrow
O iii λ5007 and N ii λ6583 emission lines are also detected.
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In Figure 10 the multi-component line fits together with
the model residuals, performed in the He ii and Hα regions
of the spectra taken at epochs 0 and 61 is shown. In the late-
time epoch (lower panels of Figure 10), narrow components
emerge from the broad emission features. Such contribution
has been accurately isolated through the multi-component
fit. Although the development of a narrow core in the broad
features at late-times is clearly visible, the Gaussian func-
tions are well suited in modelling the emission line shapes,
especially in the early-times. In the late-epochs medium res-
olution spectra the Gaussian multi-component fit is still a
good approximation of the line profiles and it allows us to
accurately separate the narrow line contribution from the
whole emission line feature, in order to derive the main pa-
rameters of the broad line component (Figure 10, lower pan-
els).
5.1.1 The NOT/ALFOSC and Copernico/AFOSC spectra
In the NOT/ALFOSC and Copernico/AFOSC host sub-
tracted spectra (Figure 8), strong broad emission lines and
their evolution are clearly visible. In particular, the spectra
taken soon after the light curve peak show strong and broad
He ii λ4686 , N iii λ4100 and Hβ. The latter quickly became
narrower and could no longer be detected in the late-time
spectra. The N iii λ4100 is well separated from the broad
He ii λ4686, thus it has been possible to model it with a sin-
gle Gaussian component. Instead, the broad feature in the
He ii wavelength region is more complex and, depending on
the status of its evolution, it has been necessary to use more
Gaussian components to accurately model it. For instance,
in the first spectrum, we used two Gaussians in order to take
into account also the contribution of the broad Hβ emission,
which blends at that epoch with the helium emission line
(see Figure 10, upper-right panel). In the spectrum taken
two days after the light curve peak, the He ii λ4686 devel-
ops a strong blue wing which we ascribe to the N iii λ4640
emission line. Thus, we modelled this region using a total of
three Gaussians, in order to take into account for the He ii,
N iii and Hβ contributions.
The broad Hα is clearly detected already in the first
spectrum and it becomes narrower with time. The evolution
is similar to that observed in the broad He ii λ4686. The
emission line is well described by a single Gaussian function.
Finally, we detected a broad emission line which we
identify as He i λ5875. This component become rapidly faint
and is not detectable anymore already in the spectra taken
∼one month after the TDE peak (see Figures 8 and 9). When
detected, the He i λ5875 emission line can be described well
with a single Gaussian (see Figure 10, upper-left panel).
5.1.2 The VLT/X-shooter optical spectra
The VLT/X-shooter host-subtracted optical spectra (Figure
9) are dominated by broad He ii λ4686, N iii λ4100, Hβ and
Hα emission lines. The broad line profiles are quite symmet-
ric, they do not shows signs of outflows and become more
narrow and faint at later times. Moreover, narrow emission
lines of [O iii]λλ5007, 4959 and [N ii] λλ6548,6584 are always
detected, while narrow [S ii] emission lines are detected in
late-time spectra. Only in two late-time spectra we identify
a faint narrow Hβ emission line. In Table B1, the main re-
sults of the narrow emission lines analysis are shown. While
the more intense lines [O iii]λ5007, [N ii]λ6584 and Hα, are
always well detected, in some spectra it was not possible to
fit the other narrow lines ([O iii]λ4959 and [N ii] λ6548) as
they are too faint or in blend with broad components.
The equivalent width and the FWHM of these narrow
emission lines are consistent with being constant with time,
regardless of the different seeing conditions. We thus ascribe
this emission as coming from the host galaxy, and use this
to investigate the properties of the host. The line ratios
log([N ii]/Hα)=(−0.50±0.15), log([O iii]/Hβ)=(0.67±0.36)
and log([S ii]/Hα)=(−0.80±0.10), derived from the latest
X-shooter spectrum, suggest that the galaxy hosts a weak
AGN in the core. In Figure 11 we show the location of
iPTF16fnl line ratios in a Baldwin, Phillips & Terlevich
(BPT) diagram (Baldwin et al. 1981), together with the
line ratios values for some TDE hosts found in galaxies with
weak nuclear activity (OGLE16aaa, Wyrzykowski et al.
2017; PS16dtm, Blanchard et al. 2017, SDSS J0159+0033,
Merloni et al. 2015 and SDSS J0748, ASASSN-14ae,
ASASSN-15li, PTF09djl, PTF09ge from French et al. 2017.
Even if located at the boundary with the star–forming
region, iPTF16fnl is among the TDEs with higher AGN
activity signatures.
The high-resolution He ii region is particularly interest-
ing. Along with faint broad components of N iii λ4100 and
Hγ, which are detected only in the first X-shooter spectrum,
we clearly detect a double component in the broad He ii fea-
ture. The line is double-peaked and the presence of these two
components become more evident with time. We ascribe the
component blue-shifted with respect to the rest frame wave-
length of He ii to the N iii λ4640 Bowen blend. Thus, we used
two Gaussians in order to describe the broad feature; these
Gaussians represent both the contribution of the He ii and
the N iii emission lines (see Figure 10, lower-left panel).
Along with the more prominent [O iii]λ5007 and λ4959,
we identify a narrow He ii λ4686 emission line to be present
alongside the broad features. Interestingly, this narrow fea-
ture appears only in late-time spectra, when the broad emis-
sion is less intense. This kind of line profile evolution, in
which a narrow core is developed at later times along with
the narrowing of the broad component, has been predicted
to happen in the case of electron scattering broadening of
the emission lines by Roth & Kasen (2018). This suggest
that the broad emission components observed in iPTF16fnl
are emitted in an optically thick region in which the electron
scattering play an important role in the broadening of the
lines. As time pass by, the optical depth of this region de-
crease and the broad emission components develop a narrow
core which become more prominent at later times.
5.2 Evolution of the emission lines
We studied the evolution with time of the main prop-
erties of the broad emission lines, inferred from the fits
to the NOT/ALFOSC, Copernico/AFOSC and VLT/X-
shooter host-subtracted spectra. In Figures 12 we show the
behaviour of the FWHM and the absolute values of the
EW for He ii, Hα, N iii lines (upper and central panels, re-
spectively), along with the time evolution of the line ra-
tios He ii/Hα, Hα/Hβ, He ii/N iii and N iii/N iiiλ4100 (lower
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Figure 10. Multi-gaussian emission lines fit of the components found in the He ii and Hα regions in the host-subtracted spectra, taken
at 0 and 61 days after the TDE light curve peak (upper and lower panels, respectively). The Gaussian components of each line are
represented by colored dashed lines, while the magenta solid line show the total fitting model. Residuals are shown at the bottom of each
panel.
panels). All the reported FWHMs have been corrected for
the instrumental broadening. In general, we observe a re-
duction in the FWHM of all lines. The He ii and Hα show
similar behaviour, starting from a FWHM∼14×103km s−1
and reaching a value of FWHM∼2×103km s−1 for the Hα
and FWHM∼4×103kms−1 for He ii 60 days after the light
curve peak. In addition, both lines show a narrow com-
ponent in the last medium–resolution X-shooter spectrum,
with FWHM∼500 km s−1 and FWHM∼300 km s−1 for Hα
and He ii, respectively. As already discussed in section 5.1.2,
we ascribe the narrow Hα to the host galaxy contribution.
Instead, no narrow He ii component is detected along with
the broad feature in the early-times optical spectra. A nar-
rower component starts to emerge in the spectra ∼50 days
after the TDE peak and the FWHM and EW decline over
time. Thus, we ascribe the narrow He ii line observed in the
last X-shooter spectrum to the TDE reprocessing nebula
emission, in which the drop in density over time produces
the narrowing of the broad TDE features toward late phases.
A similar behaviour is observed also in the FWHM
of both the N iii emission lines, which declines with time,
but only at later times, with the N iii λ4100 evolving more
rapidly and already disappearing one month later. During
the first 20 days from the TDE peak the FWHM of these
lines show an increase with time, which is particularly ev-
ident in the N iii λ4640 behaviour. Indeed, this component
is characterized by a FWHM=7±1 ×103 km s−1 in the spec-
trum taken during the TDE light-curve peak and it rises un-
til it reaches the value of FWHM=19±3 ×103 km s−1 20 days
after. Afterwards, the width of this line follows the decline
trend and it shows a broad component with FWHM∼3×103
km s−1 in the last X-shooter spectrum.
There is a clear evolution with time also in the EWs.
While the EWs of He ii and Hα decline following a very simi-
lar behaviour, the trend for N iii lines is more scattered in the
early-time observations and become more clear after 20 days
from the light curve peak. Interestingly, the EW time evo-
lution observed in both He ii and Hα follow the exponential
decline we found for the bolometric luminosity of iPTF16fnl.
Also the EW of N iii follow a similar behaviour, but only at
late times. This suggest that these lines are powered by the
ionizing luminosity.
The ratio of the equivalent widths of the He ii/Hα and
N iii/N iiiλ4100 lines are consistent with being constant with
MNRAS 000, 1–15 (2019)
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Figure 11. Using the equivalent widths of the detected narrow
emission lines we created BPT diagrams for the host galaxy of
iPTF16fnl (black filled point). The lines separating the different
activity regions are the following: red dashed line from (Kewley
et al. 2001) , blue dotted line from (Kauffmann et al. 2003) in the
left panel and blue dotted line from (Kewley et al. 2006) in the
right panel. For comparison we show the results for some TDEs
for which line ratios are available in literature: OGLE16aaa (ma-
genta filled diamond, Wyrzykowski et al. 2017), PS16dtm (green
filled square, Blanchard et al. 2017), SDSS J0159+0033 (cyan
filled star, Merloni et al. 2015), SDSS J0748 (filled blue left-
triangle, French et al. 2017), ASASSN-14ae (filled yellow cross,
French et al. 2017), ASASSN-15li (orange plus, French et al.
2017), PTF09djl (pink plus, French et al. 2017) and PTF09ge
(filled violet up-triangle, French et al. 2017).
time. In particular, the equivalent width ratio He ii/Hα is
always above the value expected for a nebular environment
(blue-dotted lines, Hung et al. 2017). Only in the observation
taken 85 day after the TDE peak it approaches such value.
In contrast, we observe a clear trend in the Hα/Hβ and
He ii/N iii equivalent width ratios. The Hα/Hβ ratio passes
from an initial value of 2.5±0.2 to a final value of 1.3±0.1 at
day 60. Instead, the evolution of the ratio of the equivalent
width of He ii to N iii is more dramatic and rapid, starting
from an initial value of 10.5±2.0 to a final value of 0.7±0.1
at day 60, with an exponential decline.
In Figure 13 the comparison between the X-shooter
He ii and Hα emission line profile as a function of time is
shown. The line profile evolution is consistent with being
the same for both lines. The narrowing of the broad compo-
nents as well as the developing of the narrow core is clearly
visible. The FWHM evolution of Hα and He ii is faster than
what observed for the FWHM of N iii line. Indeed, already
after 33 days from the light curve peak, the N iii compo-
nent is well detected. As the He ii broad component become
more narrow, following a trend similar to the broad Hα, the
N iii component become more prominent. Finally, in the last
epoch, while a broad N iii component (FWHM =3046±166
km s−1) is still detected, only narrow emission lines for He ii
and Hα are visible.
Also the shape of the He ii and Hα line profiles appears
to be very similar. They both become narrower with time
and in the last epoch spectrum only narrow components
(FWHM =340±43 km s−1 and FWHM = 487±9 km s−1 for
He ii and Hα, respectively) are detected. Moreover, starting
from the spectra taken 33 days after the light curve peak,
when the more prominent broad components become fainter,
a broad absorption on the red wing of both He ii and Hα line
profiles is visible.
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Figure 12. Upper-left : time evolution of the FWHM of He ii
and Hα, green filled circles and red filled squares, respectively.
Upper-right : time evolution of the FWHM of N iii and N iiiλ4100,
magenta filled circles and blue filled squares, respectively. Center-
left : time evolution of the EW for He ii and Hα green filled cir-
cles and red filled squares, respectively. Center-right : time evo-
lution of the EW for N iii and N iiiλ4100, magenta filled circles
and blue filled squares, respectively. In both panels, the black
dashed line indicate the e−t/t0 with t0=17.6 evolution, found for
the bolometric luminosity. Bottom-left : time evolution of the line
ratio He ii/Hα and Hα/Hβ, black filled circles and cyan filled
squares, respectively. Bottom-right : time evolution of the line ra-
tio He ii/N iii and N iii/N iiiλ4100, black filled circles and cyan
filled squares, respectively. The blue-dotted horizontal line indi-
cate the values for Helium-to-Hydrogen ratio expected for a neb-
ular environment and for solar abundance as reported by Hung
et al. 2017.
6 DISCUSSION AND CONCLUSIONS
Our follow-up campaign of the tidal disruption event
iPTF16fnl covers ∼100 days of the source emission and
includes high–quality optical photometry as well as regu-
lar spectroscopic observations. The latter includes medium–
resolution X-shooter spectroscopy. We have included data
from UVOT/Swift, which monitored the source for ∼ 300
days in our analysis.
Our bolometric light curve confirm that iPTF16fnl is a
fast and faint TDE, as found by Blagorodnova et al. (2017).
Indeed, we have found a peak value of the bolometric lumi-
nosity of Lp ∼4×1042 erg s−1 , an order of magnitude fainter
than what is usually found in TDEs. Its time evolution fol-
lows an exponential decline rather than the standard t−5/3
power law and it is characterized by an e-folding time of ∼17
days, which is remarkably fast.
From the black body fit we have derived the BB temper-
ature and radius as well as their evolution with time. While
TBB is consistent with being ∼1.5×104 K at all phases, there
is a clear evolution in RBB. In particular, the BB radius ex-
pands during the epochs prior to the luminosity peak, when
it reaches its maximum values of RBB=(3.6±0.3)×1014cm.
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Figure 13. Comparison between the He ii λ4686 (in black) and Hα (in cyan) emission lines observed in the X-shooter spectra. Orange
solid lines indicate the N iii λ4640 position. The gray bands indicate the Hα areas affected by telluric absorption.
Afterwards, it follows a declining trend until it reaches its
minimum value of RBB=(0.8±0.4)×1014cm. We note that
this value is ∼three order of magnitudes larger than the
Schwartzchild radius expected for a black hole with mass
MBH ∼3×105M, measured for iPTF16fnl by Wevers et al.
(2017). When compared with the tidal radius expected for
the disruption of a solar-like star, such value is still ∼one
order of magnitude larger. In recent works, similar results
have been found on a sample of known TDEs (Hung et al.
2017; Wevers et al. 2017, 2019b), suggesting that, in these
cases, the optical emission can be explain either with stream
self-intersection models, or as produced in a reprocessing en-
velope at large radii from the SMBH, which shrinks over
time. Our results from the photometric and the spectro-
scopic analysis suggest that the reprocessing envelope model
can be applied to the optical emission of iPTF16fnl.
Indeed, further indications of the presence of a repro-
cessing envelope are obtained through the spectroscopic
analysis, both from emission lines identifications and broad
components time evolution.
We clearly detect strong N iii λ4100 and N iii λ4640
emission lines in the host-subtracted optical spectra. The
N iii λ4100 transition is particularly intense in the early-
time NOT/ALFOSC spectra and rapidly become fainter
with time. The associated N iii λ4640 blends with the broad
He ii line in the NOT/ALFOSC spectra but it is evident in
the higher resolution X-shooter spectra, as a second peak
close to the wavelength of the He ii.
The detection of such transitions place iPTF16fnl
among the newly discovered N-rich TDE subset, identified
by (Leloudas et al. 2019).
These N iii transitions are known to be produced in the
Bowen fluorescence mechanism together with a series of opti-
cal lines such as O iii at λλ3047, 3133, 3312, 3341, 3444, 3760
and N iii at λλ 4097, 4379, 4634 (Osterbrock 1974) and are
primarly triggered by the He ii ionization. While we clearly
detect the N iii Bowen lines in iPTF16fnl spectra, there is
no sign of the O iii lines.
The early-phases observations of iPTF16fnl are per-
formed mainly with NOT/ALFOSC instrument and the
wavelength region where the Bowen O iii lines are expected
is out of the instrumental spectral range. Instead, the X-
shooter UVB arm include the wavelength range of interest,
However, these observations started at later phases and a
fast evolution in the O iii lines could explain their non de-
tection in the X-shooter spectra. Indeed, a similar trend has
been observed in the TDE AT2018dyb, where a faint O iii
λ3760 has been detected in the early-phases spectra and it
disappeared after ∼30 days, while the N iii components are
still clearly detected after ∼90 days (Leloudas et al. 2019).
The Bowen fluorescence mechanism requires the emis-
sion of a large flux of extreme UV (EUV) photons to excite
the involved ions and high optical depths in order to work ef-
ficiently (τ ∼ 103 for an electron density of Ne ∼ 106−9 cm−3
in the case of symbiotic stars (Selvelli et al. 2007; Hyung
et al. 2018) and τ ∼ 103−6 for an hydrogen density of NH ∼
109.5 cm−3 in the case of AGNs (Netzer et al. 1985)). Sim-
ilarly in what found for AT2018dyb (Leloudas et al. 2019),
the detection of such transitions in the spectra of iPTF16fnl
strongly suggests that the broad emission lines are emitted
in an optically thick nebula, where the high densities favour
the occurrence of multiple scatterings, needed for an efficient
Bowen fluorescence mechanism.
We observe that the FWHM of the He ii, Hα and N iii
broad components decline with time. The trend is nearly
the same for the He ii and Hα lines. We also found that a
narrow emission line close to the rest–wavelength appears on
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top of the broad components at later times. These narrow
lines become more prominent at later times.
The shape of the lines profile together with the narrow-
ing with time of the broad features are in agreement with the
prediction of Roth & Kasen (2018) for the electron scattering
line broadening in the case of high optical dephts emitting
regions. In this scenario, the observed decrease of the broad
emission line width in iPTF16fnl can be explained in terms
of a decrease in the optical depth of the line emitting region
with time.
Interestingly, although the presence of high ionization
emission lines is indicative of the production of strong EUV
or X-ray photons from the ionizing source, no X-ray emission
has been detected for iPTF16fnl. Recently, Leloudas et al.
(2019) found that in most of the optically selected TDE in
which Bowens lines have been detected, no X-ray emission
has been observed. Obscuration effects due the presence of
an optically thick envelope could be responsible for the lack
of X-ray emission in such systems. Furthermore, Dai et al.
(2018) proposed an unified model for TDEs in which an elec-
tron scattering photosphere is present along the accretion
disk but it is truncated near the poles of the system. In this
scenario, the detection of the X-ray emission depends on the
viewing angle. The lack of X-ray emission for iPTF16fnl can
be explained within this model implying a relatively high
inclination angle (& 68 deg in the case of high inclination
escaping spectrum, shown in Dai et al. (2018), Figure 5).
The EW evolution of He ii, Hα and N iii λ4640 (but
only after ∼20 days from the light curve peak) follows the
same exponential decline found for the bolometric luminos-
ity, suggesting that this lines are powered by the ionizing
luminosity.
We observe a clear evolution with time in the ratios
of the equivalent width for Hα/Hβ and He ii/N iii, which
follows, in both cases, a declining trend. The value for the
Balmer lines ratio is close to three for observations near the
TDE peak. This is the value expected for the ratio Hα/Hβ
in case B recombination for zero extinction. However it con-
tinuously changes over time until it reaches values close to
one ∼60 days after the light curve peak.
Instead, the He ii/N iii ratio shows a more dramatic de-
cline, starting from a value close to ten at the TDE light
curve peak and reaching a value close to one 60 days after.
The evolution in the line ratio reflects a variation over
time in the physical condition in the TDE emitting region
(i.e. the ionizing flux, density, optical depth). However, the
development of models for radiative transfer and of diag-
nostic tools involving these transitions is needed in order to
investigate on the TDE emitting region properties and its
time evolution. (Netzer et al. 1985; Leloudas et al. 2019).
Finally, we used the host narrow emission lines detected
in the last X-shooter spectrum to study the properties of the
iPTF16fnl host galaxy and we have found indications that
the galaxy hosts a weak AGN in the nucleus.
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Table A1. NOT/ALFOSC photometric measurements
MJD Phase u′ B V g′ r′ i′ z′
(1) (2) (3) (4) (5) (6) (7) (8) (9)
57 631.97 0 17.29±0.07 17.22±0.08 17.21±0.07 17.08±0.07 17.37±0.05 17.66±0.04 17.80±0.04
57 634.10 2 · · · 17.17±0.07 17.26±0.08 · · · · · · · · · · · ·
57 644.14 12 17.99±0.07 17.84±0.06 17.84±0.20 17.80±0.10 18.06±0.04 18.23±0.04 18.40±0.03
57 652.04 20 18.52±0.07 18.43±0.07 18.60±0.10 18.33±0.09 18.35±0.03 18.94±0.05 18.94±0.08
57 664.12 32 19.30±0.40 19.14±0.09 19.50±0.10 19.00±0.10 19.35±0.05 19.62±0.06 19.60±0.20
57 672.12 40 20.11±0.06 19.83±0.30 20.70±0.40 19.50±0.20 19.98±0.03 19.91±0.05 20.40±0.20
57 679.11 47 19.90±0.30 20.70±0.20 20.2‡ 20.00±0.20 20.1‡ 21.3‡ 20.7‡
57 692.05 60 20.70‡ 20.3‡ 21.2‡ 20.60±0.20 20.3‡ 21.4‡ 20.8‡
Notes: (1) MJD date of observations; (2) Phase (days) with respect to the estimated date of TDE peak MJD
57 632.1 according to Blagorodnova et al. (2017), (3), (6), (7), (8) and (9) host-subtracted apparent magnitudes
and uncertainties in the Sloan filters u′, g′, r′, i′ and z′, respectively, in the AB system; (4) and (5) host-subtracted
apparent magnitudes and uncertainties in the Johnson filters B and V, respectively, in Vega system. The values
indicated with ‡ are the 3σ upper limits. All the magnitudes reported are uncorrected for foreground extinction.
With · · · we indicate epochs with no data available (no observations).
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Table A2. UVOT/ Swift photometric measurements (AB system)
MJD phase UVW2 UVM2 UVW1
days mag Fλ mag Fλ mag Fλ
(1) (2) (3) (4) (5) (6) (7) (8)
57 630.82 −1.28 16.49±0.04 66.8±2.30 16.81±0.05 41.6±1.4 16.73±0.05 32.7±1.6
57 635.25 3.15 16.73±0.04 53.3±2.00 16.98±0.04 35.6±0.9 16.84±0.07 29.3±1.3
57 636.59 4.49 16.81±0.03 49.6±1.60 17.06±0.05 33.1±1.2 16.90±0.05 27.9±1.3
57 638.31 6.21 16.93±0.05 44.7±1.10 17.15±0.05 30.4±1.1 17.07±0.05 23.8±1.3
57 639.45 7.35 17.01±0.04 41.5±1.50 17.25±0.05 27.6±1.0 17.05±0.06 24.2±1.3
57 640.12 8.02 16.99±0.04 42.0±1.50 17.26±0.06 27.5±1.1 17.20±0.07 21.0±1.3
57 642.57 10.47 17.18±0.05 35.3±1.60 17.43±0.06 23.5±1.0 17.35±0.07 18.4±1.2
57 643.57 11.47 17.19±0.04 35.2±1.20 17.58±0.05 20.5±0.8 17.39±0.06 17.7±0.9
57 645.82 13.72 17.41±0.04 28.7±1.10 17.66±0.06 18.9±0.8 17.49±0.07 16.1±0.9
57 648.69 16.59 17.64±0.05 23.2±0.90 17.83±0.07 16.2±0.8 17.68±0.08 13.5±1.0
57 651.40 19.30 17.80±0.05 19.9±1.60 18.04±0.06 13.4±0.6 17.84±0.07 11.7±0.8
57 655.39 23.29 18.00±0.05 16.6±0.80 18.27±0.07 10.8±0.6 18.03±0.08 9.8±0.7
57 655.45 23.35 17.96±0.08 17.3±1.10 18.27±0.09 10.8±0.7 17.91±0.09 11.0±0.9
57 657.51 25.41 18.25±0.06 13.2±0.70 18.40±0.06 9.6±0.5 18.10±0.07 9.2±0.6
57 660.37 28.27 18.31±0.05 12.5±0.60 18.47±0.07 9.0±0.5 18.05±0.07 9.7±0.6
57 663.63 31.53 18.45±0.03 11.0±0.60 18.48±0.07 9.0±0.5 18.27±0.09 7.9±0.6
57 667.55 35.45 18.61±0.06 9.51±0.50 18.71±0.08 7.2±0.5 18.24±0.09 8.1±0.6
57 671.60 39.50 18.75±0.08 8.33±0.59 · · · · · · 18.38±0.09 7.1±0.6
57 676.13 44.03 18.72±0.10 8.54±0.77 18.80±0.13 6.6±0.7 18.49±0.12 6.4±0.7
57 679.57 47.47 18.94±0.06 6.97±0.41 18.87±0.07 6.2±0.4 18.48±0.08 6.5±0.5
57 683.09 50.99 18.84±0.07 7.67±0.46 18.94±0.07 5.8±0.4 18.50±0.08 6.4±0.5
57 687.82 55.72 19.06±0.08 6.25±0.44 19.03±0.09 5.4±0.4 18.66±0.09 5.5±0.5
57 691.86 59.76 19.05±0.08 6.33±0.41 19.07±0.08 5.2±0.3 18.57±0.08 6.0±0.4
57 712.74 80.64 19.23±0.09 5.37±0.45 19.41±0.15 3.8±0.5 18.61±0.10 5.7±0.5
57 716.72 84.62 19.28±0.06 5.11±0.29 19.30±0.10 4.2±0.3 18.87±0.09 4.5±0.3
57 720.04 87.94 19.45±0.10 4.37±0.42 19.42±0.16 3.8±0.5 18.75±0.11 5.1±0.6
57 724.71 92.61 19.41±0.07 4.54±0.27 19.07±0.18 5.2±0.8 18.89±0.16 4.5±0.7
57 728.09 95.99 19.38±0.08 4.64±0.34 19.43±0.13 3.7±0.4 18.73±0.09 5.1±0.5
57 732.40 100.30 19.34±0.07 4.85±0.27 19.27±0.11 4.3±0.4 18.92±0.09 4.3±0.4
57 740.63 108.53 19.32±0.11 4.93±0.52 19.44±0.11 3.7±0.4 18.78±0.09 4.9±0.4
57 743.26 111.16 19.39±0.08 4.61±0.33 19.44±0.12 3.7±0.4 18.68±0.09 5.4±0.4
57 744.50 112.40 19.54±0.10 4.03±0.37 19.29±0.13 4.2±0.5 18.88±0.10 4.5±0.4
57 748.55 116.45 19.44±0.08 4.40±0.29 19.32±0.13 4.1±0.5 18.77±0.10 5.0±0.5
57 932.05 299.95 19.47±0.11 4.28±0.45 19.96±0.15 2.3±0.3 18.92±0.12 4.3±0.5
Notes: (1) MJD date of observations; (2) Phase (days) with respect to the estimated date of TDE peak
MJD 57 632.1 according to Blagorodnova et al. 2017; (3) UVW2 apparent magnitude and uncertainties; (4)
UVW2 flux density and uncertainties; (5) UVM2 apparent magnitude and uncertainties; (6) UVM2 flux
density and uncertainties; (7) UVW1 apparent magnitude and uncertainties; (8) UVW1 flux density and
uncertainties. Flux densities are in ×10−16 [erg s−1 cm−2 A˚−1].
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Figure B1. Sequence of the rest-frame optical spectra of iPTF16fnl taken with NOT/ALFOSC (in black), AFOSC/Asiago (in cyan)
and X-shooter (in blue). All the spectra have been corrected for reddening. The time of the observation in days since the time of the
peak of the light curve and the main emission lines are indicated. The location of telluric absorption lines is indicated by gray bands.
The NOT/ALFOSC host galaxy spectrum is shown in orange.
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Figure B2. Sequence of the rest-frame NIR spectra of iPTF16fnl taken with VLT/X-shooter. All the spectra have been corrected for
reddening. The time since light curve peak of the observations is indicated. The area affected by telluric absorption are indicated by gray
bands. No significant spectroscopic features have been detected.
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Table B1. Properties of the narrow emission lines in X-shooter spectra
UVB arm
MJD Phase [d] He ii Hβ
λ [A˚] FWHM [km s−1] EW [A˚] λ [A˚] FWHM [km s−1] EW [A˚]
(1) (2) (3) (4) (5) (6) (7) (8)
57 644 12 – – – – – –
57 665 33 – – – – – –
57 682 50 4685.65 ± 0.25 448 ± 41 0.66 ± 0.08 – – –
57 690 58 4683.46 ± 0.45 949 ± 101 0.96 ± 0.14 4864.14 ± 0.29 222 ± 42 0.17 ± 0.04
57 692 60 4684.87 ± 0.39 836 ± 64 0.72 ± 0.07 – – –
57 693 61 4685.06 ± 0.28 766 ± 54 0.69 ± 0.06 – – –
57 717 85 4686.63 ± 0.28 340 ± 43 0.46 ± 0.07 4863.44 ± 0.61 353 ± 89 0.20 ± 0.07
MJD Phase [d] O iii λ4959 O iii λ5007
λ [A˚] FWHM [km s−1] EW [A˚] λ [A˚] FWHM [km s−1] EW [A˚]
57 644 12 4957.81 ± 0.30 397 ± 44 0.31 ± 0.04 5007.13 ± 0.07 293 ± 11 0.81 ± 0.04
57 665 33 4959.76 ± 0.09 142 ± 12 0.27 ± 0.03 5007.16 ± 0.07 268 ± 10 0.81 ± 0.04
57 682 50 4959.68 ± 0.20 165 ± 27 0.22 ± 0.05 5007.43 ± 0.07 183 ± 10 0.70 ± 0.05
57 690 58 4959.51 ± 0.20 191 ± 27 0.22 ± 0.04 5007.52 ± 0.09 292 ± 12 0.93 ± 0.05
57 692 60 4959.62 ± 0.28 395 ± 40 0.37 ± 0.05 5007.72 ± 0.06 236 ± 9 0.78 ± 0.04
57 693 61 – – – 5007.88 ± 0.06 331 ± 9 0.92 ± 0.03
57 717 85 4959.75 ± 0.34 269 ± 48 0.26 ± 0.06 5007.95 ± 0.15 369 ± 21 0.93 ± 0.07
VIS arm
MJD Phase [d] [N ii] λ6548 Hα
λ [A˚] FWHM [km s−1] EW [A˚] λ [A˚] FWHM [km s−1] EW [A˚]
57 644 12 – – – 6554.10 ± 0.32 1010 ± 37 1.70 ± 0.08
57 665 33 – – – 6560.95 ± 0.13 294 ± 16 1.29 ± 0.09
57 682 50 6547.81 ± 0.40 184 ± 49 0.15 ± 0.05 6563.17 ± 0.11 344 ± 14 1.48 ± 0.08
57 690 58 – – – 6563.44 ± 0.10 358 ± 12 1.74 ± 0.08
57 692 60 – – – 6563.33 ± 0.05 322 ± 7 1.27 ± 0.04
57 693 61 – – – 6563.36 ± 0.07 328 ± 9 1.55 ± 0.05
57 717 85 6547.85 ± 0.26 595 ± 29 1.36 ± 0.08 6563.67 ± 0.09 490 ± 9 3.07 ± 0.07
MJD Phase [d] [N ii] λ6583 [S ii] λ6716
λ [A˚] FWHM [km s−1] EW [A˚] λ [A˚] FWHM [km s−1] EW [A˚]
57 644 12 6583.61 ± 0.07 119 ± 7 0.36 ± 0.03 – – –
57 665 33 6583.01 ± 0.14 131 ± 15 0.39 ± 0.06 – – –
57 682 50 6584.76 ± 0.15 171 ± 17 0.35 ± 0.04 6709.17 ± 0.21 159 ± 21 0.24 ± 0.04
57 690 58 6584.76 ± 0.12 294 ± 14 1.00 ± 0.06 6708.87 ± 0.14 203 ± 14 0.51 ± 0.05
57 692 60 6584.99 ± 0.07 150 ± 8 0.30 ± 0.02 6709.12 ± 0.11 207 ± 11 0.34 ± 0.02
57 693 61 6585.24 ± 0.09 214 ± 10 0.58 ± 0.04 – – –
57 717 85 6584.43 ± 0.10 318 ± 11 0.98 ± 0.04 6709.30 ± 0.12 200 ± 13 0.42 ± 0.04
Notes: Narrow emission lines properties inferred from the fit on the host-subtracted X-Shooter spectra. (1) MJD date of
observations; (2) Phase (days) with respect to the estimated date of TDE peak MJD 57 632.1, according to Blagorodnova
et al. 2017; (3) and (6) Central wavelength of the narrow component; (4) and (7) Full Width at Half Maximum of the narrow
component; (5) and (8) Absolute value of the Equivalent Width of the narrow component.
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